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Abstract 
The knowledge of the actual current status of the road traffic for the entire road network is a basic component of Advanced 
Traveler Information Systems and Advanced Traffic Management System applications. Identification of traffic status on 
signalized intersections is the focus of research on urban road network traffic status identification. In this paper, the use of 
real-time Floating Car Data (FCD), based on traces of GPS positions, is emerging as a reliable and cost-effective way to 
gather accurate traffic flow information in a road network. Based on the analysis of traffic flow s moving process on the 
approach of signalized intersections, the paper puts forward a classification method of traffic status on signalized intersections 
while the relationship between queue length and the capacity of the approach is under consideration, and the algorithm to 
identify the real-time t status on signalized intersections based on FCD is established at last. To test the effectiveness of 
this algorithm, a field experiment using Floating Car Data (FCD) was conducted at an intersection in Nanjing. The test results 
indicate that the proposed method provides very satisfactory accuracy in application. 
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Chinese Overseas Transportation Association (COTA). 
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1. Introduction 
 t and traffic information service 
meet many critical challenges in metropolitan area. The successful wide scale deployment of advanced traveler 
information systems (ATIS) and advanced tra c management systems (ATMS) depends on the ability to obtain 
accurate information that 
conditions have been proposed, for example, video cameras, inductive loops, radar based sensors, floating cars, 
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RFID detectors and so on. The FCD (Floating Car Data) technique, based on traces of GPS positions, is emerging 
as a reliable and efficient way to gather accurate traffic information for a wide-area road network. 
The most common and reliable information that FCD technique provides is average travel times and speeds 
along road links or paths (S. Turksma, 2000; T. Miwa, etc. 2004). A number of researchers have previously 
investigated the expected reliability of probe travel time reports. Van. Aerde, etc. (1996) developed an analytical 
expression for the reliability  expressions using 
simulated data. Previous research has examin
travel times of all the vehicles (population) that traversed the link (Srinivasan and Jovanis, 1996 ;). So far, various 
approaches have been proposed to deploy FCD in order to predict short-term travel conditions, to automatically 
detect incident or critical situations and finally to determine Origin-Destination traffic flow patterns (V. Sethi, etc. 
1995; S. M. Eisenman, G.F. List, 2004; B.S. Kerner, etc. 2005). The reliability of travel time estimates based on 
FCD highly depends on the percentage of floating cars participating in the traffic flow (Srinivasan, Karthik and 
Jovanis, 1996). Bruce R. Hellinga and Liping Fu (2002) proposed a methodology for reducing the e ect that 
sample bias has on the estimated mean travel time and illustrates the application of this method using simulation 
data. 
Although a lot of researchers have dedicated to the study of traffic status at signalized intersections, but most 
of them focus on the study of oversaturation. Traditionally one 
 exceeds the capacity  (HCM, 2000)
to identify oversaturated intersections bec  is not an 
-location sensors. 
(Gazis, 1964; Longley D. A, 1968), or 
 -
Lebdeh and Benekohal, 2003). Both studies, however, did not provide a methodology on how to measure queue 
length or to identify the existence of such situations. Xinkai Wu etc. (2010) take one step further toward a better 
understanding of oversaturation, by providing a coherent methodology to detect the onset of oversaturation at 
signalized intersections, there algorithms for identifying oversaturated intersections and quantifying the 
-  data from a major arterial in the Twin 
Cities of Minnesota. 
As far as we know, there are no previous research studies using FCD to identify the traffic status of signalized 
intersections. This paper brings forward a classification method of t  status at signalized intersections, and the 
algorithm to identify  status based on FCD. The remainder of this paper is organized as follows: in the next 
section, the classification method of t  status is reviewed. Then, the algorithm to identify 
on FCD is introduced in section 3. In section 4, the filed test data are analyzed to validate the reliability of the 
model. And finally, section 5 concludes the paper and provides an outline of future work.    
2. The classification method of t  status 
T  status is a subjective concept that varies from person to person. In order to identify  status of 
signalized intersections, we should establish the classification method of t  status at first, based on the 
definition proposed by Gazis (1964) and Longley D. A (1968), we divide the t  status into three level 
according to the traffic flow rate and queue length in the approach lane of signalized intersections (as shown in 
Fig 1, where 1w is the discharge shockwave and 2w  is the queuing shockwave). 
The first level is Free , the traffic flow rate is relatively low and the queue length at the beginning of effective 
green is very short, all the vehicles in queue will pass through the intersection smoothly during the green time, it 
means there are no vehicles need to wait for the next green signal, the intersection is unsaturated. 
The second level is Slowed , the traffic flow rate is larger and the queue length is long enough that some 
vehicles in the rear of queue will pass through the intersection exactly at the end of green time, or even be forced 
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to wait for the next green signal, it means some vehicles may cost more than one signal cycle to pass through the 
intersection, the intersection is nearly saturated. 
The third level is Congested , the traffic flow rate is very large and the queue length is so long that a lot of 
vehicles in the queue can t pass through the intersection before the end of green time, they have to wait for more 
than one signal cycle to pass through the intersection, the intersection is oversaturated. 
 
 
(a) (b) (c) 
Fig. 1 The classification  
3. Algorithm to identify t  status based on FCD 
The FCD used in this research come from the FCD system in Nanjing, Jiangsu province. As shown in Tab.1, 
the FCD contain some details include terminal ID, location (longitude and latitude), speed, time and so on. 
Table 1. Standardized data set of FCD 
Terminal ID Longitude/° Latitude/° Speed/(km/h) direction angle/° Time 
3814015195 118.821209 321.04075 35 0 2011-07-13 07:00:50 
 
Based on the classification method of t  status above, the focus is to detect whether the vehicles in queue 
will pass through the intersection during one signal or not. It is necessary to point out that we don t aim at 
calculating the real-time queue length in the approach lane, the complex road environment and the characteristics 
of FCD make the estimation of real-time queue length based on FCD a very hard work. In order to establish the 
algorithm to identify t  status, the historical database is needed. There are six steps in this algorithm: 
Step 1: To ensure the accuracy and reliability of the data, the preprocessing of FCD is necessary. We should 
get rid of the abnormal data and error data, after preprocessing, the data will be stored into the historical database. 
Step 2: Select the historical data nearby the intersection according to the location, then we will obtain a lot of 
data, define these data as set U1: {F1, F2, F3... Fi ...}. 
Step 3: Find out the data that vehicles are stopped from U1: {F1, F2, F3... Fi ...}. Whether the vehicles are stop 
or not is judged by the following equation: 
v0  (1) 
Where is the critical value, we usually use 5km/h  in application. The data conform to equation.1 will 
form the data set U2: {F1, F2, F3... Fi ...}. 
Step 4: Calculate the parking time of the vehicles according to data in U2: {F1, F2, F3, ..., Fi, ...}, assume that 
the parking time of a car is it , and the signal cycle is C, the data conform to the following constraint will be 
picked out to form the data set U3: {F1, F2, F3, ..., Fi, ...}.  
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Cti0  (2) 
The remainder data will form the set U4: {F1, F2, F3, ..., Fi, ...}. According to the analysis above, U4= U2 -U3. 
Step 5: The distance to the stop line of the data point in U3: {F1, F2, F3, ..., Fi, ...} can be calculated according 
to the location information (longitude and latitude), we will obtain a series of data that indicate the stopping 
distance of the vehicles, then define these data as set U5: { d1, d2, d3, ..., di, ...}. Continue to implement the same 
process to set U4: {F1, F2, F3, ..., Fi, ...}, then define the distance data as set U6: { d1, d2, d3, ..., di, ...}. 
Step 6: Count the classification frequency of the data in set U5: {d1, d2, d3, ..., di ...}, find the 95% percentile 
level section on frequency cumulative curve, define it as Lmin. Similarly, count the classification frequency of the 
data in set U6: {d1, d2, d3, ..., di ...}, find the 5% percentile level section on frequency cumulative curve, define it 
as Lmax.  
According to the analysis from Step 1 to Step 6, if a vehicle s stop distance is shorter than Lmin (shown as 
vehicle 1 in Fig. 2), it will pass through the intersection before the end of this green time with a probability of 
95%, that is to say, the vehicle doesn t pass through the intersection in one signal cycle is a small probability 
event. Similarly, if a vehicle s stop distance is longer than Lmax (shown as vehicle 2 in Fig. 2), it will pass through 
the intersection before the end of this green time with a probability of 5%, that is to say, the vehicle pass through 
the intersection in one signal cycle is a small probability event, it will have to wait for more than one signal cycle 
to pass through the intersection. If a vehicle s stop distance is between Lmin and Lmax, it will pass through the 
intersection before the end of this green time with a probability of about 50%, that means it have the same 
probability to wait for the next green signal. 
 
 
Fig. 2 The definition of Lmin and Lmax 
Based on the historical database, we can find out Lmin and Lmax of the intersection, so we can identify the real-
time t  status of the intersection by the real-time FCD. Collect the real-time FCD in the area of the 
intersection, and calculate the stop distance of the floating car, which act as moving sensors traveling in a traffic 
stream. The floating car can be seemed as a sample of the traffic flow, so we can identify the real-time t  
status in the intersection by the stop distance of the floating car. The algorithm to identify t  status can be 
presented by Fig. 3. 
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Find out the data that vehicles are stopped, define as set U2: 
{F1, F2, F3, ..., Fi, ...}
Select the historical data nearby the intersection, 
define as set U1: {F1, F2, F3, ..., Fi, ...}
U3: {F1, F2, F3, ..., Fi, ...} U3: {F1, F2, F3, ..., Fi, ...}
 min          Free
 Lmin max Slowed
 max          Congested
The preprocessing of FCD
Yes No
0 ti<C ?
Calculated the stop distance, define 
as set U5: { d1, d2, d3, ..., di, ...}
Find the 95% percentile level 
section, define it as Lmin
Identify the 
Calculated the sTop distance, define 
as set U6: { d1, d2, d3, ..., di, ...}
Find the 5% percentile level 
section, define it as Lmax
Calculated the real-time stop distance of 
floating car, define as L
 
Fig. 3 The algorithm to identify t  status 
4. Implementation  
In order to validate the feasibility and effectiveness of the proposed algorithm, the field test was held in the 
intersection of Zhongshan road and Guangzhou road, Nanjing, Jiangsu province (shown as Fig. 4). The test last 
from 7:00am to 9:00am, July 11, 2012. During the test, the intersection is under timing control, the cycle is 135s 
and red time is 75s.    
 
Fig. 4 Field test site at Nanjing 
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During the test, the real-time FCD was collected every 30 seconds to calculate the stop distance, and the real-
time traffic status was evaluated every cycle. Before the test, the historical data from July 8 to July 10, 2012 was 
used to identify Lmin and Lmax (shown in Fig. 4) of the intersection. The total number of the data in set U5 :{ d1, d2, 
d3, ..., di ...} and set U6 :{ d1, d2, d3, ..., di ...} was calculated, which can be shown in Table 2. 
Table 2. Statistics of historical data 
Historical data 
Set U5 Set U6 Total number 
63532 56314 119846 
Real-time data 
Set U5 Set U6 Total number 
1901 1533 3434 
 
Fig. 5 illustrates the test results, we use number 1, 2 and 3 to represent the traffic status Free , Slowed  and 
Congested . At the beginning of test, there are some random case that the estimation traffic status is obviously 
different from the real traffic status, but during the test, the estimation traffic status is very close to the real status 
in most of the time, the accuracy rate is about 83%, so we can conclude that the algorithm to identify t  status 
is acceptable in application. 
 
 
Fig. 5 Field test results 
 
5. Conclusions and future work 
In this paper, we propose a model to classify the traffic status at signalized intersections, and the algorithm to 
identify real-time t  status at the signalized intersections is also presented based on FCD. The model solves 
the problem of real-time t  status identification by detect the stop distance of floating car instead of estimate 
the exact queue length in intersection. The FCD system in Nanjing is used to test the algorithm, -test 
results from an intersection in Nanjing demonstrate that the algorithms are very effective in application. We 
should note that, although the  algorithms focus on a single approach of a signalized intersection, the 
proposed methodology can be easily expanded to identify traffic status of an intersection with multiple 
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approaches, an arterial, or a network of intersections. This research is expected to contribute to the future research 
on the classification and identification of traffic status at signalized intersections. 
However, as mentioned before, the algorithm is easy to be influenced by random factors, so future research 
may focus on how to enhance the reliability of this algorithm. In the near future, the more detail tests will be 
conducted and more intersections will be added to the test, also a more reliable algorithm based on FCD will be 
used.    
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